BACKGROUND: This study assessed adolescent predictors of noncardia gastric cancer (NCGC) with a focus on the body mass index (BMI) in late adolescence. METHODS: This study analyzed a cohort of 1,087,358 Israeli Jewish males and 707,212 Israeli Jewish females who underwent a compulsory physical examination between the ages of 16 and 19 years from 1967 to 2002. By linkage to the national cancer registry, participants were followed for NCGC through December 31, 2012. With a median follow-up of 23 years, 515 NCGC cases occurred (379 men and 136 women), and the median age was 47.0 years (interquartile range, 39.3-53.4 years). Multivariateadjusted Cox regression was used to estimate hazard ratios (HRs) for NCGC according to the US Centers for Disease Control and Prevention BMI percentiles at the baseline (normal weight, 5th to <85th percentile; overweight, 85th to <95th percentile; and obesity, 95th percentile) as well as the country of birth, residential socioeconomic status (SES), and education. RESULTS: In comparison with normal weight, adolescent obesity, but not overweight, was associated in both men and women with the risk of subsequent NCGC (unadjusted HR, 1.95; 95% confidence interval [CI], 1.25-3.06; adjusted HR, 1.78; 95% CI, 1.12-2.83). Immigration from the former Soviet Union (FSU), a low education level, and a low residential SES were also associated with the risk for NCGC with adjusted HRs of 2.67 (95% CI, 1.86-3.83), 1.85 (95% CI, 1.53-2.25), and 1.48 (95% CI, 1.13-1.93), respectively. CONCLUSIONS: The findings suggest that adolescent obesity, but not overweight, is associated with an increased risk for NCGC. Immigration from the FSU, a low residential SES, and a low education level are also significantly associated with the risk for NCGC.
INTRODUCTION
There is growing concern regarding the impact of adolescent overweight and obesity on disease later in life.
1,2 The International Agency for Research on Cancer recently reported that significant associations exist between the adult body mass index (BMI) and the risk for esophageal adenocarcinoma and cancers of the gastric cardia, colon, rectum, liver, gallbladder, pancreas, and kidneys with positive dose-response relations. 3 Although most studies suggest a positive association between the BMI and cancer of the gastric cardia (CGC), [4] [5] [6] [7] data from meta-analyses have indicated no association between obesity and noncardia gastric cancer (NCGC). 5, 7 Yet, a recent study reported a positive association between the BMI and gastric body dysplasia and NCGC, regardless of the Helicobacter pylori status. 8 In Israel, the age-standardized incidence declined to a rate of 9.7 per 100,000 in 2012, 9, 10 with a high incidence of gastric cancer among immigrants from the former Soviet Union (FSU). 11 Because of the worldwide immigration of Jews, Israel provides valuable opportunities for epidemiological studies. 9 In light of the increasing prevalence of adolescent obesity in Israel, 2, 12, 13 concern about gastric cancer among immigrants from the FSU, 11 and a report on the association of the BMI with NCGC, 8 we expanded our previous research on the association between the measured BMI, country of birth, and residential socioeconomic status (SES) in adolescence and the risk of gastric cancer among men. 14 The current study incorporates data for women and updates our cancer registry linkage data, and thus the number of incident NCGC cases has been considerably enlarged from 130 to 515.
MATERIALS AND METHODS

Study Population
We analyzed a cohort of 16-to 19-year-old Israeli Jewish adolescents who underwent a compulsory physical examination in late adolescence (predominantly at the age of 17 years) to determine their fitness for military service and had at least 10 years of follow-up (Fig. 1) . Between January 1967 and December 31, 2010, 2,454,693 adolescents were evaluated. 2 After the exclusion of 64,186 participants for whom height or weight data were unavailable and 92,377 non-Jewish examinees, 2,298,130 participants remained. We than excluded 503,560 participants evaluated after December 2002 for whom we did not have the opportunity for at least 10 years of follow-up. These exclusions resulted in a study sample of 1,794,570 participants, which included a nationally representative sample of Jewish men but not Jewish women because Orthodox religious women are exempt from military service.
Detection of NCGC Incidence
By linkage with the Israeli National Cancer Registry (INCR) database, we detected all NCGC cases of adenocarcinoma (International Classification of Diseases for Oncology, Third Edition, codes 8140, 8510, 8420, and 8020 and site codes C16.1-C16.9) diagnosed and reported to the INCR during the period up to December 31, 2012. The NCGC tumors were further divided into mucinous (codes 84813, 84803, and 84903) and intestinal types. The INCR was established in 1960. Since 1982, the reporting of all newly diagnosed cancers in Israeli residents to the registry has been mandatory by law. Compliance with this law has been consistently high (both before and after 1982), and this makes the NCR registry highly accurate; the compliance rate has been estimated to be approximately 94% for solid tumors. 15 
Data Collection and Study Variables
We calculated the BMI of each participant on the basis of height and weight measurements made with a beam balance and a stadiometer. Physicians reviewed medical records, examined participants, and provided standardized diagnostic codes where applicable. Data regarding the residential SES and country of birth were recorded. The age at examination, year of birth, and height were treated as continuous variables. SES was determined according to residential locality, 16 with participants grouped into low, medium, and high categories. Because of our concern about the increased risk for gastric cancer among immigrants from the FSU, 11 these immigrants received a separate category. The country of birth was categorized as Israel, the FSU, Asia-Africa, or Europe (including countries of emigration from Europe [American countries, South Africa, and Australia] and excluding the FSU). Adolescence Obesity Linked to Gastric Cancer/Levi et al Cancer January 15, 2018 Education was categorized according to the highest number of years of schooling attained by the age of 18 years (12, 11, 10, or 9 years) and was dichotomized into 11 or 12 years versus 9 or 10 years. We repeated the main analysis with education grouped as elementary school, partial high school, and full high school; they were introduced as both dummy variables and ordinal variables. The results were unchanged. BMI values were grouped according to percentiles for age and sex as established by the US Centers for Disease Control and Prevention (CDC) 17 as follows: <5th percentile (underweight), 5th to <85th percentile (normal weight [reference group]), 85th to <95th percentile (overweight), and 95th percentile (obese). A conversion table was prepared for each participant according to his or her exact age at measurement (in months) with respect to the CDC percentiles.
Approval for the Study
The institutional review board of the Israel Defense Forces Medical Corps approved the study and waived the requirement for written informed consent.
Statistical Analysis
A Kaplan-Meier life-table analysis for the unadjusted cumulative incidence of NCGC according to the baseline BMI was undertaken with years of follow-up grouped in intervals of 0.5 years. We used Cox proportional hazards models to estimate the hazard ratios (HRs) and 95% confidence intervals (CIs) for NCGC outcomes. Follow-up terminated at the date of any cancer diagnosis or death or December 31, 2012, whichever came first. Covariate data included the year of examination or year of birth, age at examination, sex, birth country, education, and SES because these might affect the NCGC risk. 18, 19 Data were missing for 14,355 examinees (0.8%) for SES, for 988 examinees (0.1%) for the birth country, and for 1462 examinees (0.1%) for education.
In the main analysis, Cox models were fitted according to the CDC BMI classification and were unadjusted and adjusted for the aforementioned suspected confounders. Because the year of birth was associated with the risk for NCGC (HR, 0.96; 95% CI, 0.96-0.99), it was included in the adjusted analysis.
As a secondary analysis, Cox models were repeated to account for competing risks. We repeated the analysis only for individuals examined between 1967 and 1982 (ie, participants who had 30 years or more of follow-up). The assumption of proportionality of the hazards was confirmed for all variables by visual inspection (because the lines were parallel). An assessment of the age at cancer diagnosis according to the weight status was performed with the Kruskal-Wallis test. The analyses were undertaken with IBM SPSS software (version 24).
RESULTS
Participants
The baseline characteristics of the study participants are shown in Table 1 . According to the CDC BMI classification at the baseline, a total of 140,467 examinees (7.8%) were overweight, and 54,224 (3.0%) were obese.
NCGC Cases
During a median of 23.3 years of follow-up, 515 participants, including 379 men and 136 women, were diagnosed with NCGC. The median age at the end of followup was 40.6 years, and the median age at the NCGC diagnosis was 47.0 years (interquartile range, 39.3-53.4 years). The median age at the NCGC diagnosis between BMI categories did not differ (P 5 .71). The median times of follow-up for the underweight, normal-weight, overweight, and obese groups were 22.7, 23.7, 21.3, and 19.0 years, respectively (P < .001); this reflected the more recent onset of obesity.
BMI in Adolescence and Risk for NCGC
The Kaplan-Meier analysis of the cumulative NCGC incidence across BMI categories showed overt divergence of the curves beginning at approximately 30 years of follow-up (Fig. 2) .
The unadjusted and adjusted HRs according to the baseline CDC BMI categories are presented in Table 2 . For men and women combined, compared with normal weight, obesity, but not overweight, was associated with the risk for NCGC (unadjusted HR, 1.95; 95% CI, 1.25-3.06; adjusted HR, 1.78; 95% CI, 1.12-2.83).
Other Covariates
Univariate and multivariate analyses, performed according to the CDC BMI classification with covariates in addition to the BMI, are presented in Table 3 . Compared with subjects born in Israel, participants born in the FSU were at increased risk for NCGC with an adjusted HR of 2.67 (95% CI, 1.86-3.83).
SES was inversely associated with NCGC in a graded fashion: the adjusted HR was 1.48 (95% CI, 1.13-1.93) for a low residential SES and 1.31 (95% CI, 1.04-1.67) for a medium residential SES (a high residential SES was the referent). A low education level (ie, 9 or 10 years of schooling) was also significantly associated with an increased HR for NCGC (Adjusted HR, 1.85; 95% CI, 1.53-2.25)).
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Additional Analyses
A sensitivity analysis, which included only those examined from 1967 to 1982 (602,881 participants and 430 cases), revealed an unadjusted HR for the CDC BMI obese category of 2.25 (95% CI, 1.39-3.67) and a multivariateadjusted HR of 1.99 (95% CI, 1.20-3.29). A competing risks analysis, applying multivariate-adjusted Cox regression for men and women combined with 81,247 competing events, yielded an HR of 1.75 (95% CI, 1.10-2.77), which was similar to the HR obtained without the competing events being taken into account (Supporting Table  1 [see online supporting information]). Subcategorization of the analysis according to the histological type showed that obesity was associated with the risk of both intestinaland mucinous-type NCGC with HRs of 1.88 (95% CI, 1.03-3.45) and 2.04 (95% CI, 1.05-3.99), respectively (Supporting Table 2 [see online supporting information].
Both a lower SES and a lower education level were associated with obesity (P < .001 for both; see Supporting Table 3 [see online supporting information].
DISCUSSION
We investigated the association between the measured BMI at adolescence, education level, SES, and country of birth and the risk of NCGC in a large-scale cohort. In our previous report, which included only 130 cases of NCGC and was limited to men, we detected an association of a low SES and immigration from the FSU with NCGC. 14 In the current study, which included 515 cases of NCGC among men and women, we validated our previous observation about the association with a low SES and immigration from the FSU, and we also report an association of obesity in late adolescence and a low education level with the risk for NCGC. After adjustments for multiple confounders, a high BMI remained associated with the risk of NCGC; it showed a nonlinear threshold at the 95th CDC percentile and at 30 kg/m 2 . We found that an association of obesity with NCGC was evident for both men and women, even though the cohort of women was smaller and part of the female population was not represented (ie, Orthodox and ultra-Orthodox women).
Most studies of the association between the adult BMI and NCGC have reported no association. Chen et al 7 summarized evidence from 24 prospective studies, including 41,791 gastric cancer cases, and they concluded Abbreviations: BMI, body mass index; CDC, Centers for Disease Control and Prevention; CI, confidence interval; HR, hazard ratio. a The CDC BMI classification was as follows: underweight, <5th percentile; normal weight, 5th to <85th percentile; overweight, 85th to <95th percentile; and obese, 95th percentile. b Adjusted for the residential socioeconomic status, country of birth, education, year of birth, and sex (only for the combined analysis of men and women). Abbreviations: CI, confidence interval; HR, hazard ratio. a Adjusted for the Centers for Disease Control and Prevention body mass index classification, residential socioeconomic status, birth country, education, birth year, and sex (only for the combined analysis of men and women).
Original Article that a high BMI was positively associated with the risk of gastric cardia cancer but not with the risk of NCGC. Similarly, Lin et al 5 pooled 13 cohort studies and 3 casecontrol studies. After stratification by the site of gastric cancer, they found that both overweight and obesity were associated with an increased risk of CGC but not NCGC.
Few studies have assessed the association of adolescent obesity with NCGC. Several studies have reported a positive association of recalled BMI in early adulthood with gastric cancer. [20] [21] [22] [23] [24] [25] [26] [27] A recent case-control study reported on the association of obesity with intestinal metaplasia and early NCGC, regardless of the H. pylori status. 8 Two studies reported an association of early-age BMI with CGC only, 21, 25 whereas all others, with 1 exception, 23 treated gastric cancer cases as a group without subcategorization into CGC and NCGC. A case-control study from Korea 27 that used the recalled BMI at the age of 18 years reported that the BMI was significantly associated with the risk of gastric cancer; they showed a nonlinear, threshold effect at 25.3 kg/m 2 in both men and women. However, this study did not differentiate between CGC and NCGC sites either. Significantly, none of these previous studies used measured BMIs.
A number of mechanisms have been proposed to explain the association between obesity and subsequent cancer development: insulin and insulin-like growth factor signaling pathways, adipokines, inflammation and immune responses, and gastrointestinal microbiota have been suggested as major players. 28, 29 Our current results confirm the association of a low SES with the risk of NCGC 30 and extend the conclusions of our previously reported findings. 15 Our multivariateadjusted results show that compared with a high SES, a low SES was associated with an HR of 1.48, a low education level was associated with an HR of 1.85, and immigration from the FSU was associated with an HR of 2.67. Hence, although both a lower SES and a lower education level were associated with obesity, our study is sufficiently powered to show that both a lower SES and a lower education level are independently associated with the risk of NCGC.
As stated earlier, gastric cancer has been consistently associated with H. pylori infection, 31 a low SES, 30 dietary habits, cigarette smoking, 32, 33 and heavy alcohol consumption. 34 Risk factors associated with gastric cancer such as H. pylori infection, dietary habits, alcohol consumption, and cigarette smoking have been shown to be associated with a low SES. 32, 33 The increased risk of NCGC among immigrants from the FSU was also noted in our previous report, 14 and it might be attributable to the intake of salty and smoked foods and high alcohol consumption in this population.
11,35
The main limitation of our study is that the cohort was still young with a median age at the NCGC diagnosis of 47.0 years. In the current study, BMI was measured only once at the age of 17 years, and we had no data on weight changes later in life. Because the adult BMI is not independent of the adolescent BMI 36 and we have evidence of BMI tracking from the age of 17 years to the age of 50 years for a subset of our cohort (q 5 0.53), 37 it is possible that it is the adult BMI associated with the increased risk and not adolescent obesity or the duration of obesity. Another limitation is the fact that we used a percentile BMI classification system based on the US population. Because the Israeli population is leaner (the underweight proportion is >5%, and the obese proportion is <5%), it is possible that a classification based on the Israeli population (which is not available) would have resulted in a somewhat different BMI grouping that might have modestly affected point estimates.
Moreover, we lack data on possible confounders such as the smoking status, alcohol intake, diet, and H. pylori status, any of which might affect risk estimates. 32, 33 There is solid evidence that H. pylori infection is causally associated with gastric inflammation, intestinal metaplasia, and NCGC (both intestinal and diffuse types). 38 Israel is a country with a high prevalence of H. pylori carriage. 39 Data on the association of H. pylori infection with obesity are inconsistent. [40] [41] [42] [43] The absence of data on the prevalence of H. pylori in our study population might impinge on the association between obesity and NCGC that we report. Also, as stated previously, our only available SES variable (in addition to education) was the residential SES at adolescence. Because SES is a strong determinant of gastric cancer, it is possible that some residual confounding by SES remained.
Another possible limitation is that because Orthodox Jewish women are exempt from military service, the sample might not be generalizable to all Jewish women in the population. Significantly, because obesity increased over calendar time in our cohort, the obese cohort had a shorter follow-up time. For that reason, although the HR for obesity was 1.9, the obese cohort, which accounted for 3.0% of the total, contributed only 3.9% of all NCGC cases.
The strengths of the study include the measured (rather than reported) BMIs, the large number of participants, and the long duration of the follow-up, which enabled us to assess associations with cancer incidence.
In conclusion, the findings from our study suggest that obesity in adolescence is associated with an increased risk for NCGC in both men and women. We also show that a low residential SES, a low educational level, and immigration from the FSU are associated with a significantly increased risk for NCGC.
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